ABSTRACT -The objective of this study was to evaluate the inclusion of yeast extract as a partial replacemer of blood plasma in piglet diets and its effect on the performance and intestinal morphometry of pigs weaned at 21 days of age. One hundred and twenty animals were randomized into blocks, with five diets (4.0% blood plasma; 2.0% blood plasma with 0.0; 1.0; 2.0 or 3.0% yeast extract), six replicates and four pigs per experimental unit. At 35 days of age, one pig per experimental unit was slaughtered in order to evaluate duodenal and jejunal morphometry. The levels of yeast extract had a quadratic impact on daily feed intake and final weight, which increased up to the estimated level of 1.91%. Daily weight gain and feed conversion rate were not affected. A comparison between diets containing different levels of yeast extract and the basal diet showed that the diets containing 2.0% and 1.0% yeast extract provided the highest final weight and the worst feed conversion rate, respectively. Duodenal villus height and crypt depth were quadratically affected by yeast extract levels and the best results were achieved with the estimated levels of 1.64 and 1.16%, respectively. The levels of yeast extract provided a linear increase in the duodenal villus:crypt ratio, but did not change the morphometric variables of the jejunum. No difference was found in the morphometric variables of the duodenum and jejunum when diets containing different levels of yeast extract were compared with the basal diet. The results suggest that the inclusion of 1.91% yeast extract allows for a partial replacement for plasma in the diet, decreasing plasma inclusion from 4.0 to 2.0%.
Introduction
Early weaning has been used in swine production in order to shorten the exposure time of piglets to the pathogens of their sows and increase the number of finished animals/ sow/year. However, early-weaned piglets fail to achieve digestive and immune maturity, compromising performance (Coffey & Cromwell, 2001) . Therefore, the weaning period has challenged nutritionists, who have sought alternative feeding sources to minimize performance issues (particularly feed intake) that affect animals during this phase. These feed sources include, preferably, highly digestible and palatable feeds such as spray-dried blood plasma.
Spray-dried blood plasma has been used not only because it is a good source of immunoglobulins and animal-based proteins of high biologic value, but also for the presence of glutamic acid, which increases feed intake thanks to its palatable properties (Lawrence et al., 2004) .
Yeast extract from the inner cell wall of a specific strain of Saccharomyces cerevisae 1026 can be a functional source of nutrients, since it is rich in peptides, inositol (a potential growth promotant), glutamic acid (associated with palatability) and nucleotides (Costa, 2006) .
Nucleotides are involved in several biochemical processes that are essential to the body functions (Lehninger et al., 2002) and play a key role in the growth and development of intestinal cells and the immune system. They can be considered an essential nutrient for animals under fast growth conditions and stress (such as postweaning pigs). Therefore, yeast extract should be included in post-weaning diets due to its essential functions and for its synergistic effect on the blood plasma.
The combined use of blood plasma and yeast extract may attenuate the negative impact on piglet performance during the very stressful post-weaning phase, from 21 to 35 days of age. In that sense, the objective of this study was to evaluate the addition of yeast extract to partially replace blood plasma and to verify the effects on performance and intestinal morphometry of piglets from 21 to 35 days of age.
Material and Methods
The experiment was conducted at the Swine Sector of the Departamento de Zootecnia of Universidade Federal de Viçosa, in Viçosa, Minas Gerais state, Brazil. The study included 120 piglets, barrows and gilts, from 21 (weaning) to 35 days of age (initial weight between 6.12±0.35 kg). The animals were randomized into blocks, with five treatments (4.0% blood plasma (BP); 2.0% blood plasma with 0.0; 1.0; 2.0 and 3.0% yeast extract (YE)), six replicates and four animals per experimental unit. The blocks were based on the weight of animals at weaning.
The experimental diets (Tables 1 and 2 ) had the same quantity of energy and amino acids, formulated in order to meet the nutritional requirements of 21 to 35-day old piglets, according to Rostagno et al. (2005) . The digestible lysine-to-other essential amino acid ratios were achieved based on the ideal protein standard established by Rostagno et al. (2005) .
The animals were housed in suspended pens with slatted floor, semi-automated feeders and nipple drinkers, in masonry barns with concrete floor, wood ceiling and ceramic tiles. A thermometer was used to record daily temperature variations inside the room, at 4 pm, throughout the experimental period. Low and high temperatures were 24.7±0.62 and 28.1±0.90 °C, respectively.
The animals were fed the experimental diets and water ad libitum throughout the experiment. In order to assess performance variables, the weight of animals was recorded at the beginning and end of each experimental phase in order to determine daily weight gain (DWG). Feed leftovers on the floor were collected daily and added to leftovers in the feed bunk at the end of the experimental period, in order to determine daily feed intake (DFI) and feed conversion rate (FCR).
At 35 days of age, one animal per experimental unit (the one whose weight was closest to the mean of the pen) was slaughtered. After the intestine was flushed, samples of vit. E -27 mg; vit. K -3 mg; thiamine -2.25 mg; riboflavine -6 mg; pyridoxine -2.25 mg; vit. B12 -27 mcg; folic acid -400 mcg; biotin -150 mcg; pantothenic acid -22.5 mg; niacin -45 mg. 2 Content per kg of feed: iron -100 mg; zinc -100 mg; copper -10 mg; manganese -40 mg; iodine -1.5 mg; cobalt -1 mg; selenium -300 mcg. 3 Colistin sulfate, 10%. approximately 2 centimeters were collected, accounting for 4 and 50% of the small intestine (duodenum and jejunum, respectively). The samples were sent to the Laboratório de Histologia of the Departamento de Medicina Veterinária of Universidade Federal de Viçosa for histological sections and slide preparations for subsequent examination. The histological sections were flushed in saline solution, fixed in BOUIN for 24 hours, dehydrated in ethyl alcohol, diaphanized in xylol and added to paraffin. Each slide had two 5 μm thick sections. The slides were added to a xylol solution for a second time, in order to remove excess paraffin, and hydrated again. Hematoxylin and eosin (H&E) was the stain used. Once stained, the slides were dehydrated again. In order to read the slides, an optical microscope (Olympus bx50, 40x magnification) was coupled to an image analyzer (Image-Pro Plus 1.3.2). Thirty villus heights and 30 crypt depths were selected and measured by slide. The villus:crypt ratio was then calculated.
Statistical analyses of performance parameters and morphometry of the intestinal mucosa were carried out with SAEG (Sistema de Análises Estatísticas e Genéticas, version 8.0). The results were submitted to analysis of variance. The mean values of diets containing different levels of yeast extract were submitted to regression analysis. In addition, the Dunnett test (Sampaio, 1998) was used to compare the mean values of each yeast extract containing plasma with the average value of the control diet. A 10% significance level was used in all the tests performed.
Results and Discussion
The levels of yeast extract affected (P<0.06) the final weight of the piglets (Table 3) , which increased quadratically up to the estimated level of 1.91% in the diet (Figure 1) . A comparison of the final weight of the animals fed the control diet with the final weight of those fed the other diets showed that while the piglets fed the 2.0% plasma diet with no addition of yeast extract had a non-significant decrease of 3.95% in the absolute value of the final weight (9.49 × 9.88 kg), the final weight of animals fed the diet containing 2.0% plasma + 2.0% yeast extract was significantly higher (10.38 × 9.88 kg).
The addition of 2.0% yeast extract decreased blood plasma levels in the diet by 50%, improving the final weight of 35-day-old piglets. Considering the positive correlation between piglet weight in the early post-weaning period and the growth rate in subsequent phases up to slaughter (Klindt, 2003) , one can assume that the combined use of 2.0% plasma and 2.0% yeast extract in the diet may be a feasible strategy in pig nutrition in order to lower the slaughter age of these animals. Carlson et al. (2005) demonstrated that the addition of yeast extract to the diet of nursery piglets improved their performance in subsequent phases, allowing them to reach the slaughter weight faster.
The levels of yeast extract affected (P<0.09) daily feed intake. There was a quadratic response up to the estimated level of 1.91% (Figure 2 ). This result was similar to the findings of Maribo & Spring (2003) and Carlson et al. (2005) , who showed a positive effect of yeast extract on the feed intake of post-weaning piglets. On the other hand, Costa (2006) evaluated the inclusion of up to 6.0% yeast extract in the diet of piglets from 21 to 35 days of age and found no significant variation in feed intake.
The lack of consistent results among different papers may be related to factors such as environmental stress, immune challenge levels, and the complexity of the diets used in these studies. As reported by Coffey & Cromwell (2001) , the positive effects of functional feeds such as spray-dried blood plasma on pig performance are more dramatic when the animals are exposed to a higher level of immune challenge.
The higher feed intake shown in this study with the addition of up to 1.91% yeast extract to the animal diet may be associated with a potential protection that the yeast provides to the immune system and, consequently, the intestinal milieu.
The mechanism of action of yeast has not been fully understood yet. However, results from another study (Buts et al., 1990) show that yeasts can stimulate the gut-associated lymphoid tissue (GALT), increasing the production of immunoglobulin A, which acts on the intestinal lumen, decreasing the stimulation of the immune system and enhancing the appetite of the piglet.
Van der Peet-Schwering et al. (2007) supported these assumptions by showing that the use of yeast cultures in piglet diets lowered the levels of neutrophils in the plasma, whereas Shen et al. (2009) demonstrated that the addition of yeast culture in the diet decreases the circulating levels of cytokines (interferonα -IFNα) in the first weeks of the post-weaning period. According to Abreu et al. (2010) , the weanling piglet is exposed to several stress situations that activate the immune system and, hence the production of cytokines that eventually reduce the appetite.
No significant difference was found (P>0.10) in the daily feed intake of the animal when the piglets in the control diet (4.0% plasma) were compared with the animals fed the other diets. This result corroborates data by Rigueira (2009) , who found no significant changes in the feed intake of piglets from 7 to 35 days of age when the diet with plasma inclusion (4.0%) was compared with the diet combining plasma with yeast extract (2.0% BP; 2.0% YE).
Although no significant difference (P>0.10) was found in the daily feed intake of different diets, the absolute value of the daily feed intake of piglets decreased 9.90% when plasma levels in the daily feed intake of piglets were reduced from 4.0% (basal diet) to 2.0% with no addition of yeast extract. Therefore, one can conclude that diets containing plasma levels lower than 4.0%, with no addition of yeast can compromise piglet performance due to the negative impact on feed intake. Plasma is rich in glutamate (APC ® , 2007), which enhances palatability (Diehl, 2004) and protects the intestinal mucosa (Yu et al., 2002) . Therefore, one can assume that the decrease in daily feed intake associated with plasma levels lower than 4.0% may be related to the decrease in the glutamate levels in the diet.
On the other hand, the combined use of 2.0% yeast extract and 2.0% plasma in the diet increased the daily feed intake of the piglets by 8.5% (343 × 314 g) compared with control animals. Although it was not significant (P>0.10) it was enough to improve (P<0.10) the final weight of the piglets at 35 days of age. These results point to a potential synergistic action between yeast extract and plasma.
The levels of yeast extract did not affect (P>0.10) the daily weight gain of piglets, whose average value corresponded to 261 g. This result differs from those observed by Maribo & Spring (2003) , Carlson et al. (2005) and Costa (2006) , who found a positive effect of yeast extract on growth rate in the first weeks after weaning.
One of the factors that may have contributed to the absence of significant changes in the daily weight gain of piglets fed different levels of yeast extract in the diet may be the low immune challenge to which the animals were exposed. This fact can be demonstrated by the high average growth rate of these animals (261 g). 
1.91%
No significant difference was found in the daily weight gain of piglets fed the control diet compared with animals fed the other diets. This result is in line with data shown by Rigueira (2009) , who found no variation in the daily weight gain of piglets when comparing a diet containing 4.0% plasma with another diet containing 2.0% plasma + 2.0% yeast extract. However, in absolute values, the daily weight gain of those piglets fed the diet containing 2.0% plasma + 2.0% yeast extract was 11% higher than the value observed in the animals fed the diet containing 4.0% plasma (300 g × 270 g, respectively). This difference in growth rate may be explained by the higher daily feed intake of piglets fed the diet with 2.0% yeast extract. According to Maribo & Spring (2003) and Carlson et al. (2005) , yeast extract acts as an appetite enhancer when added to animal feed.
The potential positive influence of nucleotides (present at high concentrations in yeast extract) on the gastrointestinal microflora, promoting the intestinal health and reducing the activation of the immune system in post-weaning piglets may be one of the reasons why yeast extract enhances the appetite of these animals (Mateo & Stein, 2004) .
The improved performance of the animals treated with 2.0% plasma + 2.0% yeast extract may be related to the supply of glutamate in the diet. A recent study by Moore et al. (2011) , who assessed the effect of diets containing yeast extract and yeast extract components separately (inositol, glutamate and nucleotides) on pig performance during the post-weaning period, showed that the performance of animals fed the glutamate diet was similar to the performance of those fed yeast extract. Based on this result, one can assume that the benefit of yeast extract is associated with the presence of glutamate and, therefore, a decrease in the glutamate content in the diet can lower the feed intake, compromising pig performance.
The levels of yeast extract in the diet did not affect (P>0.10) the feed conversion rate of the piglets. In addition, van Heugten et al. (2003) , Bontempo et al. (2006) and Shen et al. (2009) conducted several studies and could not show the impact of yeast extract in the feed efficiency of post-weaning pigs. In another research study evaluating the use of yeast in pig diets, van der Peet-Schwering et al. (2007) demonstrated that the positive effect of yeast on the feed conversion rate of the animals was only effective when compared with a control diet with no antibiotics.
A comparison of pigs treated with 4.0% plasma in the diet with animals fed diets containing 2.0% plasma at different levels of yeast extract showed that the combination of 2.0% plasma and 1.0% yeast extract in the diet of 21 to 35-day old piglets had a negative impact (P<0.05) on the feed conversion rates of the piglets.
As to the intestinal morphometry analyses carried out with the pigs, the levels of yeast extract had an impact (P<0.07) on villus height and crypt depth of the duodenum (Table 4) , which increased quadratically up to the estimated levels of 1.64 and 1.16%, respectively (Figures 3 and 4) . The levels of yeast extract also influenced (P<0.04) the duodenal villus:crypt ratio, providing a linear response.
The data on this experiment support the findings of Bontempo et al. (2006) and Shen et al. (2009) , who also observed a positive effect of the addition of a yeast source to the diet on the intestinal morphometry of the piglets.
Based on the importance of nucleotides in the growth and development of the small intestine (Bueno et al., 1994) and the limited ability of intestinal mucosa cells to synthesize them (Leleiko et al., 1983) one can assume that high concentrations in yeast extract (Tibbets, 2002) can, in part, explain the benefits of this product on intestinal morphometry, as shown in this study.
To further support this assumption, Martinez-Puig et al. (2007) demonstrated the role of dietary nucleotide supplementation in order to prevent villus atrophy in weaning piglets. Recently, Sauer et al. (2011) reported that the inclusion of a nucleotide source in piglet diets may have a positive impact on intestinal morphometry, reducing the villus atrophy that typically occurs in the post-weaning period. Another effect of nucleotides that may have contributed to the improvement observed in the duodenal mucosa is their potential benefit on the intestinal microbiota. A study conducted by Mateo et al. (2004) demonstrated that the inclusion of nucleotides on piglet diets had a positive influence on the gastrointestinal microbiota, increasing the concentrations of Lactobacillus acidophilus and Bifidobacterium spp, and decreasing the concentration of Clostridium perfringens. According to Mourão et al. (2005) , the reduction of pathogenic bacteria in the gut can enhance intestinal mobility by increasing the proliferation of epithelial cells and, consequently, intestinal villus height.
Yeast extract levels had no effect (P>0.10) on villus height, crypt depth or jejunal villus:crypt ratio. These results support the findings of Andrés-Elias et al. (2007) , who found no effect of the inclusion of nucleotides in piglet diets on morphometric variables assessed at the jejunum.
Although the benefits of yeast extract on the intestinal mucosa were restricted to the duodenum, they were enough to improve the growth rate of the piglets.
No difference (P>0.10) was found in the morphometric parameters evaluated at the duodenum and jejunum of the piglets when the control diet containing 4.0% plasma was compared with diets containing 2.0% plasma and different levels of yeast extract.
The presence of antibacterial agents in the composition of the diets used in this study could reduce the antigen load to which the mucosa was exposed, contributing to limit the benefits of yeast extract on intestinal morphometry.
Conclusions
The addition of 1.91% yeast extract to the feed of piglets from 21 to 35 days of age allowed for the replacement of 50% plasma in the diet, providing higher weight gain at 35 days and improving daily feed intake. Yeast extract at 1.64 and 1.16% improves the structure of the intestinal mucosa (duodenal villus height and crypt depth, respectively). 
